lowing intracapsular cataract surgery by Iliff [1] . Major surgery on the vitreous for opacity was not seriously attempted until the early 1970s, when David Kasner [2] used a sponge and scissor 'open sky' technique to remove an opaque vitreous body in a patient with amyloid. Problems with that technique included lack of control of intraocular pressure (IOP), and the general issue of removing a gel structure which applied remote traction on the retina.
Introduction
The history of ophthalmic surgery is a long one, with operations for cataract being reported from ancient Babylon and India many thousands of years ago. However, for the vast majority of that time, the vitreous remained a "no man's land" where the surgeon only ventured by accident, or misguided intention. Minor forays into vitreous surgery were reported, most notably the identification and division of vitreous strands to treat macular oedema fol- 
Towards Sutureless 20g Vitrectomy
A number of problems with 20g PPV were identified, including iatrogenic retinal breaks, particularly those associated with the sclerotomies (entry site breaks). The risk of entry site breaks was considered to be related to the repeated entry and exit of instruments through the sclerostomies, and consequent damage to the vitreous base. In an attempt to reduce this risk, Machemer and Hickingbotham [5] introduced a system of cannulas which were inserted through the sclerostomies for the duration of the case. These allowed repeated insertion and removal of 20g instruments, while minimising trauma to the vitreous base.
The need to suture the sclerostomies was considered to be the time-consuming part of the surgical procedure, so a number of suggestions were made to reduce the requirement for suturing. Hilton [6] described a sutureless self-retaining infusion cannula in 1985, and a modification of this idea was reported in 1990 [7] .
In 1996, Chen [8] described a method of producing self-sealing sclerotomies. The technique involved creating a shallow scleral pocket (posteriorly to anteriorly), with entry into the vitreous at the top of the pocket. In a series of 50 patients, no complications were encountered; the wounds were self-sealing and required no scleral sutures in 47 of the 50 patients. The author recommended the technique firstly on the basis of avoiding sutures, and secondly because of the improved control over intraoperative ocular pressure. No claims were made of faster rehabilitation or increased patient comfort, presumably because conjunctival sutures were still required and these were the primary cause of any postoperative patient discomfort.
Other authors reported problems with the technique, including difficult access in patients with narrow palpebral fissures, wound leakage and (more seriously) re-operation to suture wounds associated with recurrent haemorrhage [9] . In another series of 50 patients, a sclerostomy required suturing at the end of the operation in 35 (23.3%) of the 150 sclerostomies [10] .
Several modifications of this technique were proposed. Kwok et al. [11] rotated the pocket by 90° to reduce the risk of damage to the lens from the anterior entry incision. No complications were reported in a series of 25 patients, though 11% of the sclerostomies required suturing to avoid leakage. The circumferential technique was also investigated by Jackson [12] , who reported complications including wound extension, flap dehiscence, and vitreous and retinal incarceration in a series of 30 patients. The author sutured the flap at the end of the procedure to avoid the late wound leakage reported earlier, thereby obviating one of the key stated advantages of the technique.
Assi et al. [13] advised rotating the pocket an additional 90°, so that the pocket was accessed anteriorly. They also used a pocket knife to fashion a pouch, and reported on 50 sclerotomies in 25 eyes. Suturing was required in 3 cases, and there was a 'limited choroidal haemorrhage' associated with introduction of the infusion cannula in 1 case. There were also 2 entry site retinal tears, but no post-operative complications related to the technique.
Supporters of sutureless sclerotomies claimed that the chief advantages were reduced operative time, less risk of peri-operative hypotony on removal of instruments, and less post-operative inflammation. However, these advantages were unproven, and none of the reported techniques gained significant popularity, probably because there still remained the requirement to suture the conjunctiva.
25g Vitrectomy
In 2002, a radically new method of carrying out vitrectomy was described which used newly designed 25g instruments and a transconjunctival approach, thereby removing the need for either scleral or conjunctival sutures [14] . The technique also re-introduced the concept of the pars plana cannula, but with 2 significant differences. Firstly the internal diameter of the cannula was only 0.5 mm, and secondly, the conjunctiva was not reflected first, the cannula being inserted through both the conjunctiva and sclera. At the end of surgery, the cannulae could be simply removed, leaving a wound sufficiently small to require no sutures. In a companion paper, the authors described 35 eyes which had undergone 25g transconjunctival sutureless vitrectomy (TSV) for relatively straightforward conditions, such as macular hole and epiretinal membrane [15] . None of the eyes required any sutures at the end of surgery, and no significant complications were reported. Five eyes had IOP ! 10 mm Hg on the first day, but no active management was required, and the pressure had increased to normal by 1 week. The authors claimed that the new system offered faster surgery, improved post-operative comfort and more rapid patient recovery.
The technique was originally used for straightforward conditions, such as epiretinal membrane and macular hole [16, 17] , but as experience has been gained and as bet-ter instruments have been introduced, the indications have broadened to include more complex conditions, such as diabetic traction detachment, rhegmatogenous retinal detachment and silicone oil cases [18, 19] .
The new 25g system increased in popularity, though many surgeons encountered a number of operative difficulties. The cannulas are introduced using a trocar system, and early versions were occasionally insufficiently sharp to pass through the conjunctiva and sclera easily. A consequence of the smaller gauge was reduced rigidity of the instruments, which produced difficulties in rotating the globe during surgery. This was accompanied by more difficult access to the peripheral vitreous, and as a consequence, more vitreous was often left in the eye compared to 20g vitrectomy. The smaller bore of the infusion and cutter resulted in reduced fluid flow, which meant that the duration of the vitrectomy was longer than with 20g surgery [20] . In addition, blockage of the cutter with fibrous tissue and breakage of the narrow instruments were reported [22] .
Endophthalmitis
Endophthalmitis is a serious complication of intraocular surgery, but is generally acknowledged to be less common following vitrectomy than other forms of intraocular surgery. For example, the incidence of endophthalmitis following 20g vitrectomy was 0.07% in one 10-year survey [22] . In a series reported from the Bascom Palmer Eye Institute, the rate of endophthalmitis following 20g vitrectomy was only 0.039% (6/15,326 eyes) [23] . These low rates mean that most vitreoretinal surgeons can expect to see only a small number of cases in the course of their career.
The first reported case of endophthalmitis following 25g surgery was published in 2005 [24] . The authors speculated that the lack of wound closure and the lower rate of flow of sterile fluid through the globe might contribute to an increased risk in 25g surgery. A number of other case reports followed, but more accurate estimates of the risk of endophthalmitis did not emerge until larger series were presented.
A very large series of cases reported from the Wills Eye Institute showed an endophthalmitis rate of 0.23% (7/3,103 eyes) for 25g vitrectomy compared with only 0.018% (1/5,498 eyes) for 20g vitrectomy, representing a 12-fold increased risk for 25g vitrectomy [25] . An accompanying leader to this article pointed out potential problems with the study, including its retrospective nature, and the possibility that the use of intravitreal triamcinolone might have caused some cases of apparent endophthalmitis. It advised caution in interpreting the data, and called for a prospective evaluation [26] . Another large retrospective series of a total of 7,682 cases reported an even higher incidence of endophthalmitis in 25g cases of 1/119 patients (0.84%) compared to 1/3,188 (0.03%) for 20g cases [27] .
However, other more recent series have not shown a difference. A series of 6,935 patients found only a single case of endophthalmitis in each group of 20g and 25g patients [28] . The low rate in this series may be related to the authors' practice of admitting all vitrectomy patients for intravenous infusion of new-generation fluoroquinolones. The surgeons in this latter study also emphasised the importance of conjunctival irrigation, ensuring sclerotomy closure and removal of peripheral vitreous as important preventative measures. In another large retrospective series from a single institution, there were similar rates of endophthalmitis between 25g (1/1,906 or 0.053%), and 20g (2/2,642 or 0.076%) patients. The authors of this study had modified the originally described technique in several respects, including angled incisions, deliberate misalignment of the conjunctival and scleral incisions, and checking for leaking incisions at the end of surgery (and suturing them if necessary) [29] .
The causative organisms in the reported case are summarised in table 1 . In the majority of cases, the organisms are conjunctival commensals, which is compatible with the concept of the transconjunctival route or the open conjunctival wounds being a risk factor. The visual outcome in these cases was variable, with some patients making a complete recovery, but others having very poor outcomes. The weight of available evidence seems to suggest that the 25g vitrectomy is associated with an increased risk of endophthalmitis when compared to 20g vitrectomy, and that this can lead to a poor visual outcome. The absolute risk remains low, and it is possible that the risk can be reduced by modifications in the technique, such as conjunctival irrigation with iodine, better wound construction, ensuring wound closure and prophylactic antibiotics [30] . However, only a large scale prospective trial will be able to definitively show whether these measures are effective.
Wound Leakage
A significant concern with all sutureless systems is hypotony, and this is directly related to leaking wounds. In the original description of 25g TSV, an IOP ! 8 mm Hg was observed on the first post-operative day in 4 of 35 eyes (11%), although normal pressures were reported at 1 week in all cases [15] . Other authors have reported higher rates, and in one recent series of 111 eyes following 25g vitrectomy with straight incisions, the hypotony rate (defined as an IOP ! 8 mm Hg) at 2 h after the operation was 26.12%, decreasing to 17.11% on day 1, and to 8.10% at the end of week 1 [32] .
In the vast majority of reported cases, the hypotony usually resolves without sequelae, although the eye is theoretically at higher risk of serious complications -such as hypotony retinopathy, choroidal effusions and choroidal haemorrhage -while the low pressure persists. A rate of choroidal effusion of 3.8% was reported in one series of 140 eyes on day 1, but all cases had resolved without additional treatment by the end of the first post-operative week [17] . A similar incidence was reported by Lommatzsch et al. [33] , with 9 out of 329 eyes undergoing surgery for epiretinal membrane developing choroidal effusions, and in this series the leaking wounds were all treated by suturing. Retinopathy was reported in 2 cases with precipitous drops in IOP due to post-operative hypotony, in eyes which had raised IOP prior to surgery [34] . The risk of both hypotony and choroidal effusions may be higher in eyes which have had a previous vitrectomy, perhaps because of reduced internal plugging of the ports by residual vitreous [35] .
Another potential complication of leaking wounds is that they allow ingress of any subconjunctival drugs which may be administered. At least 1 case of macular infarction associated with a post-operative subconjunctival injection of gentamicin gas been reported [36] .
Degrees of leakage insufficient to cause hypotony may nevertheless be associated with conjunctival bleb formation. An ultrasound biomicroscopy (UBM) study in direct and oblique sclerotomy incisions by 25g vitrectomy showed that conjunctival blebs developed in over 64% of direct sclerotomies and 25% of oblique sclerotomies, but they all resolved spontaneously by day 15 after surgery [37] . In a similar study, Riemann et al. [38] identified a small subconjunctival bleb in 2 out of 35 eyes after 25g vitrectomy.
A number of approaches have been taken to address the issue of wound leakage. It is likely that the surface tension of an intraocular gas bubble may reduce fluid flow through the sclerotomies, and in one comparative series, the rate of hypotony was less in gas-filled eyes than in those left with fluid [39] . Some success has been obtained by the use of tissue glue to close any leaking wounds at the end of surgery [40] .
Other surgeons have suggested modifications of the wound construction in order to reduce leakage. For example, the use of oblique sclerotomies eliminated wound leakage in all sclerotomies in 12 patients having 25g vitrectomy [41] . Hsu et al. [42] found lower rates of hypotony on the first post-operative day as compared with perpendicular incisions. A significant reduction in the incidence of hypotony to 1% was observed when a scleral tunnel was used in combination with 25g cannulae [43, 44] . The function and benefit of such incision construction has been shown experimentally in animal models. In a study using Trypan blue to evaluate wound leakage in an animal model, leakage was noted in 10.8% of straight wounds but only 5.7% of angled incisions, with no difference between 25g and 23g incisions [44] .
Retinal Tears and Detachment
It had been hoped that the introduction of cannulas might reduce the incidence of entry site breaks and subsequent retinal detachment, but it remains unclear whether this potential advantage will be realised. The available evidence does not indicate any significant difference between 25g and 20g vitrectomy in the post-operative rates of retinal tears and detachment. In a series of 347 eyes receiving either 20g or 25g vitrectomy for epiretinal membranes or macular holes, there were 14 (6.4%) of 219 eyes in the 20g group with retinal breaks compared to only 4 (3.1%) of 128 eyes in the 25g group. However, this difference was not statistically significant [45] . Disappointingly, other surgeons have reported high-er rates of retinal tear formation following 25g vitrectomy, with one series reporting 4 cases out of 75 (5.3%), many of them in patients undergoing surgery for macula hole [46] . A more recent series of 177 operations for macular pucker or macular hole reported iatrogenic retinal breaks in 15.8% of cases [47] .
The reported rate of retinal detachment following 20g vitrectomy is of the order of 1-2% for routine cases, such as macular holes [48] . Table 2 summarises reported rates of post-operative detachment following 25g vitrectomy, from which it is clear that the rates are not significantly different.
Post-Operative Pain
One of the key stated advantages of 25g TSV is reduced post-operative pain, though this has only rarely been examined scientifically. In a non-randomised study of 46 patients having surgery for epiretinal membranes, a scoring system was devised to assess the combination of pain, discomfort, lacrimation and photophobia with total range of 1-13. The mean score in the 20g group was 4.2 compared with 1.9 in the 25g group, and this difference was statistically significant [50] . In the first prospective randomised clinical trial examining post-operative pain 25g and 20g vitrectomy in 60 patients, the authors assessed postoperative pain using a simple scoring scale from grade 1 (no pain) to grade 4 (severe pain). They reported a significant reduction in post-operative discomfort in the 25g group, but no detailed results were given [20] . A small and more recent randomised trial looking specifically at patient comfort confirmed that 25g was more comfortable than 20g vitrectomy, but that the level of pain in either group was mild. Only 7.2% of the pain scores were greater than 1 out of 10 in all patients, and very few required oral analgesia [51] .
Astigmatism
One of the stated advantages of sutureless vitrectomy is that it is associated with less post-operative astigmatism, though this complication has only rarely been studied in the past. The first reported study examined 67 eyes of 64 patients undergoing 20g vitrectomy, and found an average of 1 dpt of against-the-rule astigmatism. This had regressed to less than 0.15 dpt by the 7th postoperative week, and the authors concluded that vitrectomy was not associated with clinically significant astigmatism [52] . A later study of 44 patients found a mean of 3.65 dpt, reducing to 0.40 dpt after 3 months [53] . The authors concluded that: 'PPV alone induces no appreciable long-term corneal astigmatism.' Another study of 36 patients found a mean astigmatism of 2.97 dpt immediately after the operation, declining to 0.67 dpt at 4 months [54] .
Studies of patients following 25g vitrectomy have shown less astigmatism, with a mean induced astigmatism of 0.38 dpt [55] . A prospective randomised controlled trial comparing 25g and 20g vitrectomy in 67 patients with macular pucker found more astigmatism immediately after the operation, but no significant difference between the 2 groups at 6 months [56] . Okamoto et al. [57] used corneal topography to examine patients having either 25g or 20g vitrectomy for regular astigmatism, asymmetry and higher-order irregularity. There were no changes in the 25g group, but significant changes in the 20g group at 2 weeks following surgery. However, these had returned to pre-operative levels at 1 month. In a more recent but small comparative study, keratometric astigmatism was found only in the 20g group, but this had returned to baseline at 3 months [58] .
The published studies seem to be in agreement that 25g vitrectomy induces less astigmatism than 20g vitrectomy. However, induced astigmatism does not appear to be a clinically significant issue following 20g vitrectomy, and in any event resolves after a few months.
Operating Time
Quicker wound construction and the elimination of sutures reduces the time required for these steps when using 25g techniques. In a comparative study of patients having vitrectomy for epiretinal membranes, the mean duration of surgery was 15.6 min (range 13-20 min) in the 25g group and 29.6 min (range 22-35 min) in the 20g group [50] . In a randomised trial of 67 patients with epiretinal membranes, the total operating time in the 20g group was 34.1 min, as opposed to 24.3 min in the 25g group [56] . Shinoda et al. [59] reported a comparative study in macular hole surgery with 25g and 20g instruments, and found that operating time was significantly shorter in the 25g group (56 8 16 min) than in the 20g group (85 8 28 min). However, 2 other randomised studies reported no difference in total operating times between the 2 techniques, both finding that any time saved in wound opening and closure was lost because of the longer duration of vitrectomy [20, 51] .
Outcomes
Most studies examining 25g and 23g outcomes have found no significant difference when compared with 20g results in a wide variety of routine vitreoretinal conditions [15, 16, 60] . However, one pathology for which this might not be the case is retinal detachment [61] . Most surgeons agree that the removal of peripheral vitreous is important in the management of retinal detachment by vitrectomy, and that indentation of the periphery is helpful in locating retinal breaks. Both these steps are more difficult in 25g surgery, and there were early reports of high re-attachment rates following 25g vitrectomy. In a series of 53 eyes managed by 25g vitrectomy, the primary success rate was only 74%, the reasons for failure being either new retinal breaks or PVR. In addition, 3 eyes (6%) in this series developed postoperative choroidal haemorrhage [62] . The authors noted the high incidence of PVR, and suggested that the lower flow rate may leave higher concentrations of cytokines in the eye. They cautioned against the use of 25g vitrectomy for retinal detachment pending further study. Other studies have reported higher success rates. A small study of 25g vitrectomy in the management of non-complex pseudophakic retinal detachments reported primary success in all but 1 case [63] . More recent studies have reported reasonable success rates (primary success 92.9%) for 25g vitrectomy and gas without the use of a supplementary buckle [64] .
23g Vitrectomy
One inevitable consequence of using 25g instruments is a reduction in stiffness of the instruments. This makes rotating the globe in order to access the peripheral vitreous difficult. Frustrated with this and other shortcomings of 25g vitrectomy, Eckardt [65] developed a method of transconjunctival sutureless vitrectomy using 23g instruments through shelved transconjunctival incisions. He used a 2-stage procedure where an incision was made with a 23g blade, followed by insertion of the cannulas using a separate instrument while maintaining the relative position of the conjunctiva and underlying sclera. He reported on 41 eyes undergoing this procedure. None of the sclerotomies required suturing and no hypotony was reported, though there were some cases of vitreous cavity haemorrhage from the entry sites. The method had several advantages, including the use of pre-existing instrumentation. The stiffness of the cutter is similar to a 20g instrument, making rotation of the globe during vitrectomy easier. In addition, the shelved incisions were self-sealing, reducing the incidence of leaking wounds and hypotony. Early experience has suggested that the technique is more practical, and there are suggestions that it is associated with a lower rate of complications [66] .
In a comparative study of 100 eyes undergoing surgery for epiretinal membrane, there was no significant difference in post-operative IOP between the 20g group and the 25g group [66] . This may be related to the shelved incisions which are an essential component of the technique with 23g surgery. In another retrospective study examining 23g vitrectomy in 77 eyes, hypotony occurred in only 2 patients on postoperative day 1, with only 1 patient requiring a sclerotomy suture [67] .
There have been fewer reports of endophthalmitis following 23g surgery, although the technique is more recent and is currently less widely used than 25g surgery. However, in one large series of 943 cases of 23g vitrectomy, there were no cases of endophthalmitis reported [68] .
Recent Developments in 20g Vitrectomy
The benefits in terms of patient comfort associated with 23g and 25g systems have stimulated some surgeons into making improvements to conventional 20g vitrectomy techniques. Lafeta and Claes [69] introduced a sutureless cannula system for 20g instruments, incorporating a valve to prevent a reduction in IOP during instrument exchanges. In a series of 50 eyes with routine pathology, there were no significant complications reported. However, in another study of this technique, the larger wounds required a suture to close them in 38% of cases [70] .
Gotzaridis [71] has advocated a technique where cautery is used to fix the conjunctival to the underlying sclera. An angled incision is then fashioned using an MVR blade. Following 20g vitrectomy, only 3 out of 84 eyes (5%) had hypotony on day 1, and in all cases this improved by the third post-operative day. Two of the cases had a bleb formation and the remainder minor leakage through the flat conjunctiva.
Based on the assumption that post-operative patient comfort is related to exposed sutures, Zhao et al. [72] have suggested a technique of 20g vitrectomy through small radially-orientated conjunctival incisions. The sclerotomies are sutured at the end of surgery using a buried finewire suture, but it is not necessary to close the conjunctiva.
Thinking along similar lines, David Williams [pers. commun.] proposed a minor modification to conventional 20g vitrectomy using a single superior conjunctival flap, and placing the infusion port at 12 o'clock. This has the advantage of requiring only a single exposed conjunctival suture, but also confining all the wounds to the area under the upper lid, considerably improving post-operative appearance and comfort.
Summary
The introduction of truly sutureless vitrectomy systems (starting with 25g transconjunctival vitrectomy) has stimulated a great deal of interest, and such systems have gained wide adoption in many centres. The benefits from the patient's point of view seem to be reduced postoperative discomfort, and faster visual rehabilitation, but these relatively minor benefits need to be balanced against the possible increased risk of complications. Where that balance lies remains an open question, and more prospective randomised controlled trials are required, so that the risk and benefits can be more accurately characterised.
Once the patient benefits are clear, then the issue of cost-benefit also requires attention, and this is an issue which is of major concern in most healthcare systems. In one large teaching centre, the cost of sutureless microincision vitrectomy surgery was calculated to be 3.4 times higher than that of sutured 20g vitrectomy surgery [73] . While shorter surgery times have the potential to reduce costs, this has to be set against the higher cost of sutureless systems, and the considerable investment that has already been made in 20g instruments in many centres.
